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[57] ABSTRACT 
An optical type displacement detecting device includ 
ing a main scale and an index scale, wherein a pitch of 
a ñrst optical grating formed on the main scale is set at 
P and a pitch of a second optical grating formed on the 
index scale is set at P/n, thereby producing divided 
detection signal having pitch P/n. Furthermore, the 
pitch ofthe second optical grating is set at (u+ v) P/u or 
(u-l-v) P/(2u) (u is a gap between a diffusive light 
source and the ñrst optical grating and v is a gap be 
tween the first and second optical gratings), so that a 
collimator lens can be dispensed with. Further, higher 
harmonic components of the first optical grating are 
utilized, whereby the pitch of the second optical grating 
is set at substantially (u-i-v) Q/u or (u+v) Q/(2u) 
(Q=P/m, and m is a whole number of 2 or more), 
thereby preventing the pitch of the second optical grat 
ing from being divided into small ones. 

22 Claims, 12 Drawing Sheets 
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OPTICAL TYPE DISPLACEMENT DETECI'ING 
DEVICE 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 
This invention relates to optical type displacement 

detecting devices and more particularly to improve 
ments in an optical type displacement detecting device, 
wherein a positional relationship between two members 
is detected from a change of a photoelectrically trans 
duced signal produced by a relative displacement be 
tween a main scale formed thereon with an optical 
grating and an index scale formed thereon with an opti 
cal grating corresponding to that of the main scale. 

2. Description of the Prior Art 
To measure a feed value of a tool of a tool machine 

and the like in the field of tool machines and measuring 
instruments, as shown in FIG. 15, there has heretofore 
been popularized such an optical type displacement 
detecting device that a main scale 14 formed thereon 
with a first optical grating (hereinafter referred to as the 
“first grating”) 16 is fixed to one of members movable 
relative to each other, and a slider having an index scale 
18 formed thereon with a second optical grating (here 
inafter referred to as the “second grating”) 20, illumi 
nating means constituted by a light source 10 and a 
collimator lens 12 for example, and photoelectric trans 
ducing means constituted by light receiving elements 22 
for example are fixed to the other member, whereby a 
change in quantity of light produced by a relative 
movement between the first grating 16 and the second 
grating 20 is photo-electrically transduced and detec 
tion signals thus detected are interpolated and con 
verted into pulses and counted by an attached counter 
circuit, so that a displacement value can be measured. 

In the above-described detecting device, for example, 
the second grating 20 formed on the index scale 18 is 

30 

divided into four including phases 0°, 90°, 180° and 270° ' 
as shown in FIG. 15, and a change in quantity of light is 
differentially amplified by preamplifiers 24A and 24B, 
whereby detection signals of two phases which can be 
substantially approximated by A sin 0 and A cos 6 cor 
responding to a displacement in the direction x of the 
index scale 18. 

In the above-described detecting device, along with 
advanced finishing techniques, necessity has been 
4voiced for dividing the measuring resolution further 
smaller. However, there is a limit imposed on the num 
ber of interpolation of the detection signal in the 
counter circuit, and further there is a possibility of er 
rors caused by the interpolation, whereby to further 
make smaller a pitch of the detection signal itself is 
demanded, so that a grating pitch P of the first grating 
16 of the main scale 14 tends to be decreased. Hereto 
fore, the grating pitch P has been set at about 2O mi 
crometer, however, recently, a specification of l0 mi 
crometer or less is on demand. 
However, the following disadvantages have been 

presented along with reduction of the grating pitch P of 
the first grating 16 of the main scale 14. 
More specifically, from the viewpoint of design of 

mechanism, it is necessary that an absolute value of a 
gap g between the main scale 14 and the index s_cale 18 
and an allowable variation thereof` should be set at some 
values or more. However, in order to meet the require 
ments when the grating pitch P is small in value, it is 
necessary to use the collimator lens 1_2 having high 
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2 
accuracy and a long focal length, for making illuminat 
ing light to be satisfactorily parallel rays. As a conse 
quence, the detecting device tends to be large-sized. 
On the other hand, as a detecting device wherein the 

gap g can be increased without using the collimator lens 
12 with high accuracy, British patent application No. 
44522/ 74 has been proposed. However, in this prior art, 
such a disadvantage is presented that the detecting de 
vice is difficult to be applied to the transmission type 
detecting device in particular, because three optical 
gratings are needed. ` 

Furthermore, there is a disadvantage of grating pitch 
of the second grating 20 formed on the index scale 18 
and dividing the phase thereof. More specifically, the 
second grating 20 is divided into four in the example of 
FIG. 15. However, in study of the accuracy of a devia 
tion ô of vertical dividing, when the grating pitch of the 
first grating 16 is 8 micrometer, if the grating pitch of 
the second grating 20 is also 8 micrometer, then, in 
order to obtain the accuracy of 90° plus or minus 10° as 
a phase difference of the detection signals, it is neces 
sary to use a very small grating pitch and set the devia 
tion 8 at (2 plus or minus 0.2) micrometer. As a conse 
quence, advanced finishing techniques are needed and 
the yield of the index scale 18 in the manufacturing is 
deteriorated, thus resulting in increased cost. 
On the other hand, as another detecting device ad 

vantageous in rendering the device with high resolving 
power, there is proposed a detecting device for making 
so-called optical division, wherein a pitch t of a detec 
tion signal obtained against the pitch P of the first grat 
ing formed on the main scale is one obtained by making 
the pitch P smaller, such for example as P/ 2. 

In the aforesaid British patent application No. 
44522/74 for example, there is disclosed a detecting 
device wherein the three optical gratings are used to 
produce a detection signal having a à pitch of the grat 
ing pitch P of the main scale. However, the disadvan 
tage is presented that the prior art is difficult to be ap 
plied to the transmission type detecting device as afore 
said. 

Furthermore, in British patent application No. 
2024416A, as shown in FIG. 16, there is proposed a 
detecting device, wherein the ratio between a light 
transmitting portion 16A and a light shielding portion 
16B of the first grating 16 formed on the main scale 14 
is set at l: (2n-1), whereby the pitch t of a detection 
signal obtained by the light receiving elements (photo 
diodes) 22 through the index scale 18 formed thereon 
with the second grating 20 is 1/n of the pitch P of the 
first grating 16. 

In the detecting device shown in FIG. 16, the ratio 
between the light transmitting portion 16A of the first 
grating 16 and the grating pitch P thereof is set at 1:4, a 
pitch q of the second grating 20 is set at P/2, and a pitch 
t of a detection signal obtained by amplifying signals 
from the photodiode 22 by the preamplifier 24 is q, i.e., 
à of the pitch P of the first grating. 
By use of the detecting device shown in FIG. 16, a 

detection signal of the pitch t obtained by dividing the 
pitch P of the first grating 16 can be positively obtained. 
However, since it is necessary to make shorter the 
length of the light transmitting portion 16A of the first 
grating 16 in proportion to the number of division, this 
is substantially equal to that the grating pitch is further 
made smaller, and particularly, from the viewpoint of 
the finishing techniques, it becomes difficult to manu 
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facture the first grating 16 formed on the main scale 14 
having the long measuring range originally. Further 
more, since the satisfactory parallel rays are needed, a 
collimator lens having high accuracy and a long focal 
length is required, thus resulting in a large-sized detect 
ing device. Further, against the grating pitch P of the 
main scale, the grating pitch of the index scale >is P/2, 
and, such a disadvantage is presented that, when the 
pitch P is 10 micrometer or less for example, the yield of 
the index scale in manufacturing is low, thus resulting in 
increased cost. 
On the other hand, in the aforesaid British patent 

application No. 2024416A, further, there is described an 
example wherein, even when the ratio between the 
lengths of the light transmitting portion 16A and the 
light shielding portion 16B of the first grating 16 is 1:1, 
optical division can be performed. However, in this 
prior art, when an effective wavelength of an optical 
system is set at )t and the pitch of the first grating 16 is 
set at P, the grating gap v needs to satisfy a relationship 
of` the following formula (l), thus presenting such a 
disadvantage that a mechanism section for holding the 
grating gap v at a predetermined value becomes compli 
cated. 

SUMMARY OF THE INVENTION 

The present invention has been developed to obviate 
the above-described disadvantages of the prior art and 
has as its first object the provision of an optical type 
displacement detecting device wherein, even when the 
ratio between a light transmitting portion and a light 
shielding portion of a first grating formed on a main 
scale is 1:1, the optical dividing is possible, and more 
over, even if a gap between the gratings formed on the 
main scale and an index scale is a predetermined value 
or more, a relatively satisfactory detection signal can be 
obtained. 
To achieve the above-described first object, a first 

aspect of the present invention contemplates in the 
optical type displacement detecting device comprising: 

illuminating means including a coherent light source: 
the main scale formed thereon with the first grating 

having a grating pitch P; 
the index scale formed thereon with a second grating 

having a grating pitch q=P/n (n is a whole number of 
2 or more); and 

a light receiving element for photoelectrically trans 
ducing illuminating light transmitted through the first 
and second gratings; wherein a detection signal having 
a pitch P/n is produced in accordance with a relative 
displacement betwe'en the main scale and the index 
scale. « 

In a specific form of the first aspect of the present 
invention, a gap between the first and the second grat 
ings is set at substantially mqZ/À (m is a whole number 
of l or more), when a center wavelength of effective 
spectra of an optical system in consideration of the light 
receiving element is set at Ä. _ 

In another specific form of the first aspect‘of the 
present invention, the grating pitch q of the second 
grating is set at P/2 and a gap between the first and 
second gratings is set at substantially 2q2/À or more, 
when a center wave-length of effective spectra of an 
optical system in consideration of the light receiving 
element is set at À. 
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4 
In a further specific form of the first aspect of the 

present invention, the light source is a laser diode. 
In a still further specific form of the first aspect of the 

present invention, the ratio between the light transmit 
ting or reflecting portion and the light shielding or 
absorbing portion of the first grating is set at substan 
tially 1:1. 

In a still more further specific form of the first aspect 
of the present invention, the ratio between the light 
transmitting portion and the light shielding portion of 
the second grating is set at substantially 1:1. 

In the optical type displacement detecting device, in 
general cases where distributions of the transmission 
factors or the reflection factors of illuminating light by 
the first grating cannot be represented by simple sine 
functions, it is difficult to accurately analyze changes of 
the illustrating light transmitted through the first grat 
ing, and hence, the inventor of the present application 
observed the states of detection signals, while con 
structing the detecting devices for the various cases. 
The first aspect of the present invention has been 

invented on the basis of the results of the above 
described observations. The grating pitch of the grating 
is set at P, the grating pitch of the second grating is set 
at P/ n (n is a whole number of 2 or more), these first and 
second gratings are illuminated by a coherent light 
source, and a detection signal having a pitch P/n is 
adaptedl to be produced in accordance with a relative 
displacement between the main scale and the index 
scale. As a consequence, even when the ratio between 
the light transmitting or reflecting portion and the light 
shielding or absorbing portion of the first grating 
formed on the main scale is set at substantially 1:1, the 
optical division becomes possible, thus facilitating the 
manufacture of the main scales. Furthermore, even 
when the grating gap formed between the gratings 
formed on the main scale and the index scale is set at a 
predetermined value or more, a relatively satisfactory 
detection signal can be obtained, so that the grating gap 
can be set wider, thus facilitating the construction of the 
mechanism section. 
The present invention has as its second object the 

provision of . an optical type displacement detecting 
device, wherein there is no need of using a collimator 
lens having high accuracy and a long focal length and 
an index scale can be easily finished. 
To achieve the above-described second object, a 

second aspect of the present invention contemplates in 
an optical type displacement detecting device compris 
mg: 

a diffusive light source for illuminating a main scale 
without using a collimator lens; 

the main scale located at a position spaced apart a gap 
u from the diffusive light source and formed thereon 
with a first grating having a grating pitch P; 

an index scale located at a position spaced apart a gap 
v from the first grating and formed thereon with a sec 
ond grating having a grating pitch q=(u+v) P/u; and 

a light receiving element for photoelectrically trans- 
ducing a change in quantity of light due to overlapping 
of an image of the first grating by the diffusive light 
source with the second grating when the both scales 
move relative to each other. ~ 

In a specific form of the second aspect of the present 
invention, the diffusive light source is a point light 
source. 

In another specific form of the second aspect of the 
present invention, the point light source is a laser diode. 
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In a further specific form of the second aspect of the 
present invention, the point light source is formed such 
that a lens for controlling a diverging angle such for 
example as a hemispherical lens is provided in front of a 
light emitting portion of a laser diode. 

In a still further specific form of the third aspect of 
the present invention, the diffusive light source is a 
linear light source orientated in the direction of grating 
width of the first grating. 

In a still more further specific form of the third aspect 1 
of the present invention, the gap v is set at 

vzun PZ/(M-nPZ) 

(n is a natural number of )tu/P2 or less), when a wave 
length at a mean value of light sensitivity spectra of an 
optical system is set at À. 
The present invention has as its third object in addi 

tion to the second object the provision of an optical 
type displacement detecting device, wherein optically 
dividing into two can be performed by use of two grat 
ings. 
To achieve the above-described third object, a third 

aspect of the present invention contemplates in the 
optical type displacement detecting device comprising: 

a diffusive light source for illuminating a main scale 
without using a collimator lens; 

the main scale located at a position spaced apart a gap 
u from the diffusive light source and formed thereon 
with a first grating having a grating pitch P: 

an index scale located at a position spaced apart a gap 
v from the first grating and formed thereon with a sec 
ond grating having a grating pitch q=(u+v) P/(2u); 
and 

a light receiving element for photoelectrically trans 
ducing a change in quantity of light due to overlapping 
of an image of the first grating by the diffusive light 
source with the second grating when the both scales 
move relative to each other. 

In a specific form of the third aspect of the present 
invention, the diffusive light source is a point light 
source. i 

In another specific form of the third aspect of the 
present invention, the point light source is a laser diode. 

In a further specific form of the third aspect of the 
present invention, the point light source is formed such 
that a lens for controlling a diverging angle such for> 
example as a hemispherical lens is provided in front of a 
light emitting portion of a laser diode. 

In a still further specific form of the third aspect of 
the present invention, the diffusive light source is a 
linear light source orientated in the direction of width 
of the first grating. 

In a still more further specific form of the third aspect 
of the present invention, the gap v is set at 

v=u (r1-a5) PZ/{M-(n-os) P2} 
(n is a natural number of Äu/PZ-l-Oj or less), when a 
wavelength at a mean value of light sensitivity spectra 
of an optical system is set at À. 
The principle of detection of the second and third 

aspects of the present invention will hereunder be de 
scribed. 
As shown in FIG. 1, a diffusive light source 30 (a 
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point light source, for example) is disposed in front of aÍ . 
first grating 16 spaced apart a gap u from the first grat 
ing 16 having a grating pitch P. Then, an image of the 
enlarged first grating 16 is seemingly formed on a screen 
S spaced apart a gap v from the first grating 16. How~ 

65 

6 
ever, in actuality, the shape of the image widely varies 
due to the effects of diffraction. 
For the sake of simplification, an amplitude transmis 

sion factor f (x) of light of the first grating 16 is repre 
sented by the following equation (2), and the result of 
calculation of an image distrubution g (x) on the screen 
S at the gap v according to the theory of Fresnel dif 
fraction described in page 383 of “Principles of Optics, 
6th edition” (MAX BORN & EMIL WOLF, Pergamon 
Press 1980) will be shown below. 

f(x) l +cos (ZirX/P) (2) 

Here, a wavelength at a mean value of light spectra in 
this optical system in consideration of light emitting 
spectra of the diffusive light source 30 and a wavelength 
sensitivity of the light receiving element is set at Ä and 
n is made to be a natural number (a whole number of 1 
or more). 

First, when the gap v is substantially equal to v1 (n) 
represented by the following equation (3), a relationship 
shown in the following formula (4) is established except 
for a proportionality factor. 

v i (n) (3) 

ll 

lll 

On the other hand, when the gap v is substantially 
equal to v2 (n) represented by the following formula (5), 
a relationship shown in the following formula (6) is 
established except for a proportionality factor. 

v = v2 (n) (5) 

= un i12/(M _ nPZ) 

(6) 

It is found from the formula (3) and (4) that, by pro 
viding a second grating having a grating pitch 
q=(u-lv) P/(2u) on the screen S where the gap v is 
close to v1 (n), a detection signal can be obtained. This 
image has a grating pitch of è to the seeming image, and 
has such notable characteristics that, when the first 
grating 16 is displaced by one pitch P, the detection 
signal is varied by two pitches. 
On the other hand, it is found from the formula (5) 

and (6) that, by providing the second grating having the 
grating pitch q=(u+v) P/u ori the screen S where the 
gap v is close to v2 (n), a detection signal can be ob 
tained. Since this image is commensurate to the seeming 
image, the detection signal is varied by one pitch when 
the first grating 16 is displaced by one pitch P. 
The detecting device according to the present inven 

tion has not heretofore been deeply studied because 
there has not been, as a diffusive light source 30 and 
particularly as a point light source, one having a small 
light emitting portion and yet having a high output and 
necessity for the aforesaid detecting device has been 
low when the grating pitch P is large. Now, due to 
changes in the technical background such as the cost of 
a laser diode which is ideal as a point light source is 
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decreased and as necessity of overcoming the problems 
when the grating pitch P comes to be very small, the 
inventor of the present invention, having made study on 
the problems, has introduced the aforesaid formula (4) 
and (6) and ascertained the practicability of the above 
described detecting device. 
The second aspect of the present invention has been 

based on the result of the above-described study. The 
grating pitch of the first grating is set at P and the grat 
ing pitch q of the second grating is set at (u-i-v) P/u (u 
is a gap between the diffusive light source and the first 
grating, and v is a gap between the first and second 
gratings), and the main scale formed thereon with the 
first grating is illuminated by the diffusive light source 
without using the collimator lens, whereby a change in 
quantity of light due to overlapping of an image of the 
first grating with the second grating is photo-electri 
cally transduced. Consequently, a point light source or 
a linear light source as it is can be used as the diffusive 
light source and there is no need of using a collimator 
lens having high accuracy and a long focal length, Fur 
thermore, the pitch of the index scale can be made 
larger than that in the past, so that the manufacture and 
finishing of the index scales can be facilitated. 
The third aspect of the present invention also has 

been based on the res'îilt of the above-described study. 
The grating pitch of the first grating is set at P and the 
grating pitch q of the second grating is set at (u-l-v) 
P/ (2u), and the main scale formed thereon with the first 
grating is illuminated by the diffusive light source with 

Y out using the collimator lens, whereby a change in 
quantity of light due to overlapping of an image of the 
first grating with the second grating is photoelectrically 
transduced. As a consequence, the optical division into 
two can be further achieved by use of the two gratings. 

Incidentally, when according to the first aspect of the 
present invention, the pitch of the first grating on the 
main scale was set at P and the pitch of the second 
grating on the index scale was set at P/n (n is a whole 
number of 2 or more) and a detection signal of the pitch 
P/n was obtained, the ratio between the light transmit 
ting or reflecting portion and the light shielding portion 
was set at lzl. However, the first grating had higher 
harmonic components of a pitch P/n in addition to a 
fundamental harmonic component of the pitch P, and 
hence, it is presumed that a detection signal was ob 
tained due to overlapping of images of the higher har 
monic components with the second grating. This is 
substantiated by the fact that, when the wavelength is 
set at Ä, a signal having la good contrast can be obtained 
about at a position where the grating gap is obtained by 
multiplying (P/n)2/Ä by a certain whole number. 
Assumption is made that there is a grating F1 (x) 

having a pitch P and the ratio between the light trans 
mitting or reflecting portion and the light shielding 
portion is set at 1:1 accurately as the first grating, for 
example, and, if this is Fourier-analyzed, then the fol 
lowing equation is obtained, except for a constant. 

Fior) = i/z + 0.6 sin (211x /Pi + 

0.2 sin (3  211x /P) + 

O.lsin(5«2irx/P)+... 

As a consequence, it is apparent that F1 (x) includes 
higher harmonics such as ones of the third order and of 
the fifth order in addition to the fundamental harmonic. 
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Similarly, assumption is made that, in the first grating, 

the ratio between the light transmitting or reflecting 
portion and the light shielding portion is set at 5:7, and, 
when Fourier analysis is made, it is introduced that the 
higher harmonics of the second order and of the fourth 
order are included. 

In general, the first grating is manufactured with the 
ratio between the light emitting or reflecting portion 
and the light shielding portion being aimed at 1:1. How 
ever, variability occurs as viewed from the manufactur 
ing techniques and the ratio 1:1 is not achieved. In this 
respect, it is conceivable that there are included the 
higher harmonics of all orders, and the above-described 
detecting device utilizes these higher harmonic compo 
nents. 
However, this detecting device needs a collimator 

lens having high accuracy and a long focal length, for 
making the illuminating light to be satisfactory parallel 
rays. Consequently, such an aforesaid disadvantage is 
presented that the detecting device becomes large 
sized. 

Further, as the optical division is increased, the pitch 
of the second grating on the index scale should be di 
vided further smaller. For the index scale, being differ 
ent from the main scale, it suffices to have several mm, 
the small pitch does not form a substantial obstruction, 
however, such a problem remains that as the pitch is 
divided smaller, the yield is deteriorated in the manufac 
turing of the index scales. 
The same is true of the case where the pitch of the 

second grating on the index scale is set at P/ (2n) and a 
detection signal of a pitch P/(Zn) is to be obtained. In 
this case, a signal having a good contrast can be ob 
tained mainly at a position where the grating gap is 
obtained by multiplying (P/n)2/À by half of a Whole 
number. 

Consequently, the present invention has as its fourth 
object the provision of an optical type detecting device, 
wherein the optical division can be performed without 
using a collimator lens having high accuracy and a long 
focal length and the index scale can be easily manufac 
tured. 
To achieve the above-described fourth object, the 

fourth aspect of the present invention contemplates in 
the optical type displacement detecting device compris 
ing: 

a diffusive light source; 
a main scale located at a position spaced apart a gap 

u from the diffusive light source and formed thereon 
with a first grating having a grating pitch P and includ 
ing higher harmonic components; ' 

an index scale located at a position spaced apart a gap 
v from the first grating and formed thereon with a sec 
ond grating having a grating pitch q=(u+v) Q/u when 
Q=P/m (rn is a whole number of 2 or more); and 

a light receiving element for photoelectrically trans 
ducing a change in quantity of light due to overlapping 
of an image of the first grating by the diffusive light 
source with the second grating when the both scales 
move relative to each other, to thereby produce a detec 
tion signal of the pitch Q. 

In a specific form of the fourth aspect of the present 
invention, the diffusive light source is a point light 
source. 

In another specific form of the fourth aspect of the 
present invention, the point light source is a laser diode. 

In a further specific form of the fourth aspect of the 
present invention, the point light source is formed such 
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that a lens for controlling a diverging angle such for 
example as a herriispherical lens is provided in front of a 
light emitting portion of a laser diode. 

In a still further specific form of the fourth aspect of 
the present invention, the diffusive light source is a 
linear light source orientated in the direction of width 
of the first grating. 

In a still more further specific form of the fourth 
aspect of the present invention, the gap v is set at 

(n is a whole number of 1 or more), when a wave 
length at a mean value of light sensitivity spectra of an 
optical system is set at À, and further, a magnification M 
of this system is defined by M=(ulv)/u. 
The present invention has as its fifth object the provi 

sion of an optical type displacement detecting device, 
wherein the optical multiple division can be performed 
by use of two gratings, in addition to the fourth object. 
To achieve the above-described fifth object, a fifth 

aspect of the present invention contemplates in an opti 
cal type displacement detecting device comprising: 

a diffusive light source; 
a main scale located at a position spaced apart a gap 

u from the diffusive light source and formed thereon 
with a first grating having a grating pitch P and includ 
ing higher harmonic components; 

an index scale located at a position spaced apart a gap 
v from the first grating and formed thereon with a sec 
ond grating having a grating pitch of q=(u+v)Q/(2u), 
when Q=P/m (m is a whole number of 2 or more); and 

a light receiving element for photoelectrically trans 
ducing a change in quantity of light due to overlapping 
of an image of the first grating by the diffusive light 
source with the second grating when the both scales 
move relative to each other, to thereby produce a detec 
tion signal of' a pitch Q/2. 

In a specific form of the fifth aspect of the present 
invention, the diffusive light source is a point light 
source. 

In another specific form of the fifth aspect of the 
present invention, the point light source is a laser diode. 

In a further specific form of the fifth aspect of the 
present invention, the point light source is formed such 
that a lens for controlling diverging angle such for ex 
ample as a hemispherical lens is provided in front of a 
light emitting portion of a laser diode. 

In a still further specific form of the fifth aspect of the 
present invention, the diffusive light source is a linear 
source orientated in the direction of width of the first 
grating. 

In a still more further specific form of the fifth aspect 
of the present invention, the gap v is set at 

(n is a whole number of 1 or more), when a wavelength 
at a mean value of light sensitivity spectra of an optical 
system is set at Ä, and further, a magnification M of this 
system is defined by M=(u+v)/u. 
The principles of detection according to the fourth 

and fifth aspects of the present invention will hereunder 
be described. 

Referring to FIG. 1, when assumption is made that 
the first grating 16 has higher harmonic components of 
the order of m (mis a whole number of 2 or more), it is 
conceivable that instead of the first grating, there is a 
grating represented by a pitch Q (provided that 
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Q=P/m). Then, an image of an enlarged grating of the 
pitch Q is seemingly formed on a screen S spaced apart 
the gap v from the first grating 16. However, in actual 
ity, the distribution of light quantity of the image is 
widely varied in accordance with the.values of u and v. 
For the sake of simplification, an amplitude transmis 

sion factor f (x) of light of the grating of the pitch Q is 
represented by the following equation (7), and the result 
of calculation of an image distribution g (x) on the 
screen S at the gap v according to the aforesaid theory 
of Fresnel diffraction will be shown below. 

Here, a wavelength at mean value of spectra of light 
in this optical system in consideration of spectra of light 
emitted by the diffusive light source 30 and wavelength 
sensitivity of a light receiving element is set at À, nis set 
at a natural number (a whole number of 1 or more), and 
a magnification M of the first grating is defined by 
M = (u -l- v)/u. 

First, when the gap v is substantially equal to v1 (n) 
represented by the following equation (8), a relationship 
shown in the following formula (9) is established except 
for a proportionality factor. 

vl(n) (s) 

gmx) (9) 

The equation (8) is equivalent to the following edua 
tion. ' 

However, even if v is varied, g1 (x) is not varied so 
much. Therefore, the equation (8) is not so strict one. 
On the other hand, when the gap v is substantially 

equal to v2 (n) represented by the following equation 
(10), a relationship shown in the following formula (l1) 
is established except for a proportionality factor. 

(10) 

gzix) (m sur) 

It is found from the formula (8) and (9) that, by pro 
viding the second grating having the grating pitch 
q=(u-+v) P/(2u), a detection signal can be obtained on 
the screen S where the gap v is close to v1 (n). This 
image has a grating pitch of à to the seeming image, and 
has such notable characteristics that, when the _first 
grating 16 is displaced by Q, i.e., P/m, the detection 
signal is varied by a value commensurate to two pitches. 
On the other hand, it is found from the formula (10) 

and (ll) that, by providing the second grating having 
the grating pitch q=(u+v)Q/u, a detection signal can 
be obtained on the screen S where the gap v is close ’to 
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v2 (n). Since this image is commensurate to the seeming 
image, the detection signal is varied by a value com 
mensurate tò one pitch when the first grating 16 is dis 
placed by Q, i.e., P/m. 

Incidentally, wave formes having various pitches are 
present on the screen S corresponding to the higher 
harmonic components of the first grating. However, it 
is conceivable that the second grating filters specific 
components therefrom. 
The fourth aspect of the present invention has been 

based on the results of the above-described study. The 
grating pitch of the first grating is set at P and theA grat 
ing pitch q of the second grating is set at (u+v)Q/u 
(Q=P/m), the main scale formed thereon with the first 
grating is illuminated by the diffusive light source, and 
a change in quantity of light due to overlapping of an 
image of higher harmonic components of the first grat 
ing with the second grating is photo-electrically trans 
duced, to thereby produce a detection signal of the 
pitch Q. Consequently, the point light source or the 
linear light source as it is can be used as the diffusive 
light source, and use of a collimator lens having high 
accuracy and a long focal length is not needed. Further 
more, the pitch of the second grating can be made 
larger than that in the past, so that the index scales can 
be easily manufactured. 
The fifth aspect of the present invention has been also 

based on the results of the above-described study. The 
grating pitch of the first grating is set at P and the grat 
ing pitch q of the second grating is set at (u-|-v)Q/(2u), 
and the main scale formed thereon with the first grating 
is illuminated by the diffusive light source, whereby a 
change in quantity of light due to overlapping of an 
image of higher harmonic components of the first grat 
ing and the second grating is photoelectrically trans 
duced, to thereby produce a detection signal of a pitch 

« Q/2. Consequently, further, the optical multiple divi 
sion can be achieved by use of the two gratings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The exact nature of this invention, as well as other 
objects and advantages thereof, will be readily apparent 
from consideration of the following specification relat 
ing to the accompanying drawings, in which like refer 
ence characters designate the same or similar parts 
throughout the figures thereof and wherein: 
FIG. 1 is a chart in explanation of the principle of 

detection according to the present invention; 
FIG. 2 is a perspective view showing the arrange 

ment of a first embodiment of the optical type displace 
ment detecting device according to the present inven 
tion; 
FIG. 3 is a chart in explanation of the contrast of 

signal of a detection signal; 
FIGS. 4(A) and 4(B) are charts showing the results of 

evaluation of the present invention by use of the first 
embodiment; 
FIG. 5 is a sectional view showing the arrangement 

of a second embodiment of the present invention; 
FIG. 6 is a sectional view in explanation of the ar 

rangement of a third embodiment of the present inven 
tion; 
FIG. 7 is a sectional view in explanation of the ar 

rangement of a fourth embodiment of the present inven 
tion; 
FIG. 8 is a perspective view in explanation of the 

arrangement of a fifth embodiment of the present inven 
tion; 
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FIG. 9 is a front view in explanation of the arrange 

ment of the linear light source used in the fifth embodi 
ment of the present invention; 
FIG. 10 is a cross-sectional view taken along the line 

X-X in FIG. 9; 
FIG. 11 is a sectional view in explanation of the ar 

rangement of a sixth embodiment of the present inven 
tion; 
FIG. 12 is a sectional view in explanation of the ar 

rangement of a seventh embodiment of the present in 
vention; 
FIG. 13 is a sectional view. in explanation of the ar 

rangement of a eighth embodiment of the present inven 
tion; 
FIG. 14 is a sectional view in explanation of the ar 

rangement of a ninth embodiment of the present inven 
tion; 
FIG. 15 is a perspective view showing the arrange 

ment of one example of the conventional optical type 
displacement detecting device; and 
FIG. 16 is a sectional view showing the arrangement 

of another example of the conventional optical type 
displacement detecting device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments of the present invention will here 
under be described in detail with reference to the ac 
companying drawings. 
As shown in FIG. 2, the first embodiment of the 

present invention comprises: 
illuminating means having substantially parallel lumi 

nous fluxes and constituted by a laser diode 32 as being 
a coherent light source and a collimator lens 33; 

a main scale 14 formed thereon with a first grating 16 
wherein the ratio between a light transmitting portion 
16A and a light shielding portion 16B is set at substan 
tially 1:1 and a grating pitch is set at P; 

an index scale 18 formed thereon with two-divided 
second grating 20 shifted in phase through 90° from 
each other, wherein the ratio between a light transmit 
ting portion and light shielding portion is set at substan 
tially 1:1 and a grating pitch is set at q; 
two photodiodes 22 provided corresponding to the 

divided provision of the second grating 20, for photo 
electrically transducing illuminating light transmitted 
through the first grating 16 and the second grating 20; 
and 

. two preamplifiers 24 for amplifying outputs from the 
photodiodes 22, respectively, and outputting detection 
signals A and B set at` a pitch t and shifted in phase 
through 90° from each other. , 
The wavelength À of the laser diode 32 is set at about 

0.8 micrometer. Here, )t is the wavelength of the laser 
diode 32, however, in general, À may be made to be a 
center wavelength of effective spectra of an optical 
system in consideration of the light receiving element 
(photodiode 22). 
When the laser diode 32 is installed at a far-away 

position, the collimator lens 33 may be dispensed with. 
As the pitch P of the first grating 16, any one of 8 

micrometer, 16 micrometer, 20 micrometer and 40 mi 
crometer for example may be selected. 

Furthermore, as the pitch q of the second grating 20, 
any one of 8 micrometer and 4 micrometer for example 
may be selected. 
The present invention was evaluated by use of the 

first embodiment. Combinations of the pitch P of the 
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first grating 16 with the pitch q of the second grating 20, 
which were used in the evaluation will be shown in the 
following Table 1. The value of t shown in Table l is a 
pitch of a detection signal obtained when the gap v 
between the first and second gratings is made larger 
than PZ/Ä. 

TABLE l 

p (micrometer) q (micrometer) n t (micrometer) 

40 8 5 8 
20 4 . 5 4 
16 8 2 8 
16 4 4 4 
8 4 2 4 

As apparent from Table 1, it is found that, against the 
pitch P of the first grating 16, the pitch t of the detection 
signal is made small, whereby the optical multiple divi 
sion is performed. The value n described in Table l 
shows P/t, i.e., the number of the optical division. 

Here, even if the optical multiple division is made, it 
is conceivable that the manufacture of the second grat 
ing is difficult because the pitch q of the second grating 
20 is equal to the pitch t of the detection signal. How 
ever, for the second grating 20, differing from the first 
grating 16 on the main scale 14 which requires the 
length covering the total length of measuring range, it 
suffices to have the length only covering the width of 
the light receiving elements. Accordingly, for example, 
a pattern may be directly formed by an eletronic beam 
drawing device, so that the second grating can be easily 
manufactured as compared with the first grating on the 
main scale. 

Subsequently, evaluation was made on changes in the 
grating gap v and the states of the detection signals. 
FIG. 3 shows one example of the detection signals ob 
tainable from the preamplifier 24. The degree Vof good 
quality of the detection signal can be evaluated in accor 
dance with the contrast of signal defined in the follow 
ing equation (l2) by use of a DC component DC and an 
AC component PP. 

SIGNAL CONTRAsT=PP/DC (12) 

More specifically, in general, the DC component DC, 
not contributing to the displacement detection, should 
be small in value. Hence, the larger the contrast of 
signal is, the stabler the measuring can be performed. 
The best contrast of signal obtained is indicated by 
broken lines in FIG. 3. From the definition of the con 
trast of signals, it is found that the value of the contrast 
of signals, at that time is 2. 
As the grating gap vis varied, the contrast of signal is 

varied as well. FIGS. 4 (A) and (B) show the result of 
evaluation thereof. As the result of evaluation, depend 
ing on the number of the optical division, i.e., when n is 
2 or n is other than 2, different tendencies are observed, 
so that FIG. 4 (A) shows the case of n=2, while FIG. 
4(B) shows the case of ngáZ. 
When n=2, as apparent from FIG. 4(A), peaks of the 

contrast of signal are present at positions where the 
grating gap v is obtained by multiplying qZ/Ä by an 
even number. Since zero is present nowhere, displace 
ment can be detected as far as the grating gap v is 2q2/À 
or more. Further, what is most characteristic is that, 
when the grating gap v becomes about 100 qZ/Ä or 
more, the contrast of signal becomes substantially a 
constant value 0.5. Accordingly, it is found that, against 
the variation of the grating gap v, the detection signal 
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hardly changes, thus enabling to Construct a very stable 
detecting device. 

In contrast thereto, when n is not 2, such for example 
as a combination where the grating pitch P of the first 
grating 16 is 40 micrometer, while, the grating pitch q 
of the second grating 20 is 8 micrometer (n=5), the 
preaks of the contrast of signal are present vclose to 
positions where the grating gap v is obtained by multi 
plying qZ/)t by a whole number as shown in FIG. 4(B), 
and the contrast of signal is nearly zero in each of the 
intermediate portions thereof. Consequently, it is found 
that, by setting the grating gap v at about mqZ/À (m is 
a positive whole number) and making the value of m 
large, even if the grating gap v is larger than a predeter 
mined value, a detecting device, wherein the'contrast of 
the detection signal is good, can be constructed. 

incidentally, when 'the present invention was evalu 
ated by use of the detecting device according to this 
first embodiment, the number n of division was 2-5. 
However, it is expectable that, in the case of higher 
multiple division, this may be applied similarly. 

In The first embodiment, the present invention has 
been applied to a transmission type rectilinear displace 
ment detecting device. However, the scope of applica 
tion of the present invention need not necessarily be 
limited to this, and the present invention is similarly 
applicable to a reflection type rectilinear displacement 
detecting device as in the second embodiment shown in 
FIG. 5. In this case, as the main scale 14, a stainless steel 
tape or the like may be used in addition to the glass 
scale. Furthermore, the present invention is similarly 
applicable to a rotary displacement detecting device 
(rotary encoder) in addition to the rectilinear displace 
ment detecting device (linear encoder). 

In the above embodiment, as the coherent light 
source, the laser diode 32 has been used. However, the 
type of the light source need not necessarily be limited 
to this, and an emission diode having a width of emis 
sion spectra is about 20 nm or less may be used for 
example, in addition to the laser diode. Furthermore, 
even if the light emitting elements have the emission 
spectra of a wide width, by additionally using an inter-y 
ference filter or the like to select the wavelength, the 
light emitting elements can be used as a coherent light 
source. 

The embodiment of the second aspect of the present 
invention will hereunder be described in detail. 
The third embodiment of the present invention uses 

relationships described in the aforesaid formulae (5) and 
(6) and, as shown in FIG. 6, comprises: 

a laser diode 32 for illuminating a main scale 14 with 
out using a collimator lens; 

the main scale 14 formed thereon with a first grating 
16 having a grating pitch P, the grating 16 consisting of 
longitudinal fringe graduations, and located at a posi 
tion spaced apart a gap u from the laser diode 32; 

an index scale 18 formed thereon with a second grat 
ing 20 having a pitch q and located at a position spaced 
apart a gap v from the first grating 16; ` ` 
two light receiving elements 22A and 22B shifted in 

phase from 0° to 90° , for photoelectrically transducing 
a change in quantity of light due to overlapping of an 
image of the first grating 16 by the laser diode 32 and 
the second grating 20 when the both scales 14 and 18 
move relative to each other; and 












